Female sex workers in Nairobi were prospectively evaluated for risk factors of incident Chlamydia trachomatis infection. Independent risk factors included cervical ectopy (P = .007), gonococcal infection (P = .002), human immunodeficiency virus (HIV) seropositivity (P = .003), HIV seroconversion (P = .001), and duration of prostitution (P = .002). Eighteen different C. trachomatis outer membrane protein (ompl) genotypes were identified, with the allelic composition of the C. trachomatis population changing significantly over time (P = .005). Seventeen of 19 reinfections~6 months apart were with different C. trachomatis ompi genotypes. Women with HIV infection had an increased proportion of visits with C. trachomatis infection (P = .001) and an increased risk of reinfection (P = .008). Overall, the data demonstrate significant fluctuations in the genotype composition of the C. trachomatis population and a reduced rate of same-genotype reinfection consistent with the occurrence of strain-specific immunity.
Strains of Chlamydia trachomatis are antigenically variant and classifiable into stable serologic variants or serovars [1] . The major outer membrane protein (MOMP) of the organism is the predominant surface protein and determines the serologic properties for individual C. trachomatis serovars [2] . The single-copy MOMP gene is termed omp], and the DNA sequence for the entire open-reading frame is known for at least 7 different C. trachomatis serovars [3, 4] . The genetic basis for C. trachomatis serovar classification is due to allelic variation of the single-copy gene, with 15 different omp] alleles recognized for the 15 prototype serovars of C. trachomatis [5, 6] . The omp] gene is >80% identical in DNA sequence among different serovars, with most DNA sequence polymorphism concentrated into four regularly spaced variable gene segments. Comparison of DNA sequences among closely related serovars shows that nucleotide variation within variable segments results in nonsynonymous codons, and thus amino acid differences among MOMP proteins are clustered into four variable domains (VDs) [5, 7] . In general, the four VDs are exposed on the chlamydial cell surface and recognizable by monoclonal antibodies that are capable of neutralizing the organism in animal models of experimental infection [8] . Thus, MOMP displays immunobiologic attributes that should playa role in the epidemiology of C. trachomatis infection.
We previously suggested that antigenic (allelic) variation of the C. trachomatis MOMP allows C. trachomatis strains to persist in sexually transmitted disease (STD) core groups because of the occurrence of serovar-or strain-specific immunity [9, 10] . The genetic diversity at the omp] locus was proposed to be maintained by frequency-dependent immune selection in the STD core group members. This hypothesis was derived from earlier observations of experimental C. trachomatis infection of humans, which showed that persons infected with a given serovar of C. trachomatis were resistant to reinfection with the same serovar but susceptible to infection with a heterologous serovar [11] . However, this finding has been more difficult to demonstrate epidemiologically after natural human infection, in part because of the difficulty in identifying a population in which the incidence of infection is high enough that episodes of reinfection with a variety of strains can be compared. To obtain such data, we prospectively followed a cohort of urban sex workers in Nairobi for episodes of C. trachomatis infection and characterized chlamydial strains by DNA sequencing of variable segments from the polymerase chain reaction-amplified omp] gene.
Methods
Study population. As described previously [10] , a cohort of sex workers in the Pumwani district of Nairobi was established in April 1991 and prospectively followed for incident C. trachomatis infection. Enrollment into the cohort was stratified to achieve about equal numbers of women with and without human immunodeficiency virus (HIV) infection. The stratification was purposefully chosen after we reasoned that if C. trachomatis infection induces immunity, it may be less evident among women with HIV infec-tion. A standard protocol was used for the initial evaluation and subsequent follow-up of study entrants. At enrollment, epidemiologic, demographic, sexual, and reproductive data were recorded. At follow-up visits, a more limited interview regarding sexual and contraceptive practices was routinely done. Women had HIV serology and CD4 lymphocyte enumeration done at enrollment. C. trachomatis infection was determined by antigen detection from an endocervical swab obtained during a vaginal speculum examination at enrollment and all follow-up visits. Women were scheduled for follow-up at 2-to 4-week intervals or sooner if symptoms developed. C. trachomatis-infected women were treated with doxycycline, 100 mg orally twice daily for 7 days.
Laboratory tests. For C. trachomatis antigen detection, endocervical swabs were evaluated for chlamydial antigen using commercially available EIAs (Clearview; Unipath, Nepean, Canada, or Syva Canada, Kanata, Canada). Specimens were processed according to the manufacturer's instructions.
To characterize the C. trachomatis amp] gene, DNA was extracted from the antigen immunoassay buffer solution as described [10, 12] and further purified with phenol and chloroform to remove potential inhibitors ofthe Taq polymerase reaction. The C. trachomatis amp] gene was amplified by using previously described [10, 12] flanking and nested primers to yield a 879-bp product that served as template for direct double-stranded DNA cycle sequencing of VD 1, VD2, and VD4 by the dideoxynucleotide chain-termination method. The resolved DNA sequences for VD1, VD2, and VD4 were compared with prototype VD sequences from the 15 standard C. trachomatis serovars as reported by Yuan et al. [6] .
Data analysis. Fisher's exact test, Wilcoxon rank sum test, and Student's test were used for preliminary univariate comparisons between women with and without C. trachomatis infection. Because these analyses showed that the strong risk factor for chlamydial infection was the number of visits, Poisson regression analysis was used. This procedure allowed for adjustment of exposure (visit) and was subsequently used to compare women with no C. trachomatis infection to women with one or more chlamydial infections. Both univariate and multivariate analyses were done using Poisson regression.
Results
Study population. A total of 302 women were enrolled and followed for 17.6 ± 11.1 months with 13.8 ± 10.5 visits. Of these, 162 (54%) were initially HIV-seropositive and 140 (46%) were HIV-seronegative. Twenty-eight (20%) seroconverted to HIV during follow-up. The mean CD4 cell count was 423 ± 265/mm 3 among HIV-seropositive subjects and 894 ± 328/mm 3 among HIV-negative subjects. Overall, 3184 tests for C. trachomatis infection were done and 317 (10%) were positive. One hundred fifty-six (52%) subjects had no C. trachomatis infection and 146 (48%) had one or more chlamydia1 infections. Among the 146 subjects with one or more chlamydial infections, 77 (53%) had a single infection episode and 69 (47%) had two or more infection episodes.
The data from 277 subjects who completed three or more visits were analyzed for risk factors for C. trachomatis infection. Using Poisson regression, older age (rate ratio [RR], 0.96; 95% confidence interval [CI], 0.94-0.98; P = .001), fewer clients per day (RR, 0.95; 95% CI, 0.9-0.99; P = .02), and longer duration of prostitution (RR, 0.95; 95% CI, 0.92-0.97; P < .001) were all associated with a reduced risk of C. trachomatis infection. Figure 1 shows the relationship between the proportion of visits with C. trachomatis infection and duration of prostitution. The rate of C. trachomatis infection was compared among women classified according to oral contraceptive use, percentage of condom use, HIV seropositivity, HIV seroconversion, initial CD4 lymphocyte count, presence of cervical ectopy, and occurrence of one or more gonococcal infections during follow-up by univariate Poisson regression analysis.
Oral contraceptive use (RR, 1.5; 95% CI, 1.2-1.8; P = .001), one or more gonococcal infections (RR 2.1; 95% CI, 1.4-3.5; P = .001), HIV seropositivity (RR, 1.6; 95% CI, 1.2-2.2; P = .001), and HIV seroconversion (RR, 2.4; 95% CI, 1.6-3.5; P = .001) were all associated with an increased risk of C. trachomatis infection by univariate analysis.
To determine independent risk factors for chlamydial infection, a multivariate analysis was done using Poisson regression based on the explanatory variables found to be significant by univariate analysis. Independent risk factors that increased the C. trachomatis infection rate were cervical ectopy (RR, 1.3; 95% CI, 1.03-1.7; P = .03), HIV seropositivity (RR, 1.5; 95% CI, 1.15-2.1; P = .005), HIV seroconversion (RR, 1.9; 95% CI, 1.3-2.8; P = .002), and one or more gonococcal infections during follow-up (RR, 1.7; 95% CI, 1.13-2.8; P = .02). [6, 10] . The minor variant of serovar D that was new to this study has been previously reported by Lampe et al. [13] as D-. The new variant labeled as M is related to, but distinct from, other serovars in the B complex and appears to have arisen by accumulated point mutations rather than by recombination. Its DNA and inferred amino acid sequences through VD 1, VD2, and VD4 are shown in figure 2 .
Overall, significant shifts were observed in the amp] allelic composition ofthe population of C. trachomatis strains producing infection in 1991, 1992, and 1993 (P = .005). Some common strains (e.g., I-like/H-like, L1-like/Lz-like, and Lrlike/Hlike) significantly declined in prevalence, whereas other strains (e.g., genotype E and L 2 ) increased in prevalence during the 2.5 years of observation.
To determine if the fluctuations in the strain composition of the C. trachomatis population could be correlated with reduced rates of same strain reinfection, we compared omp] genotypes among persons with repeatedly positive C. trachomatis antigen tests stratified by the interval between the two positive tests. Shown in figure 3 are the results for the 87 episodes of repeated infection in which 31 infected subjects were tested within the same week, 16 between 1 and 4 weeks apart, 21 between 4 weeks and 6 months apart, and 19 > 6 months apart. 
1).
HIV infection and risk of chlamydial infection. The relationship between HIV infection and C. trachomatis infection was further studied because of the insight it might provide regarding the immunobiology of chlamydial infection. One hundred fifty-three subjects who were HIV-positive and 26 who became HIV-positive during follow-up were compared with the 98 HIV-seronegative subjects by Poisson regression analysis (table 2) . Both the rate of chlamydial infection (expressed as the proportion of visits with C. trachomatis infection) and the number of episodes of reinfection (defined as two or more positive C. trachomatis tests spaced~1 month apart) were significantly increased among women with HIV infection. the range of antigenic diversity among C. trachomatis strains and the incidence of infection with individual strains probably determine the length of time it takes to acquire recognizable immunity to C. trachomatis infection. In this cohort of women, 10 years of prostitution was correlated with a markedly reduced rate of chlamydial infection (figure 1) and thus solid immunity to chlamydial infection may take this long to acquire.
As detailed in table 1, MOMP polymorphism was extensive. Among 179 genetically characterized C. trachomatis infections, 18 different omp] genotypes were observed, including 10 genotypes that differed in DNA and inferred amino acid sequence from the 15 prototype C. trachomatis MOMPs reported by Yuan et al. [6] . These observations expand those previously reported [10] and continue to suggest a relatively rapid tempo for genetic change at the omp] locus [14, 15] .
The maintenance of MOMP polymorphism in the C. trachomatis population can be explained by frequency-dependent immune selection in the human population [16] . This concept asserts that when a particular microbial strain is abundant in a population, it will create a high degree of herd immunity and thus lower its own reproductive success. Conversely, when a strain is rare, its reproductive fitness will be high. Antigenic variation is one of several strategies that have evolved among STD pathogens to subvert the intense immune pressure that concentrates within STD core groups [9] . When it is due to allelic variation, antigenic variation should result in dynamic changes in the allele-specific composition of the pathogen population because of frequency-dependent immune selection in the STD core group population. Thus, the phenomenon of frequency-dependent immune selection can explain the dynamic fluctuations in the relative prevalence of specific C. trachomatis omp] genotypes as observed in this population of sex workers.
The dynamic fluctuations in the strain-specific composition of the C. trachomatis population provide indirect evidence for the occurrence of omp] genotype (serovar)-specific immunity following C. trachomatis infection. Direct evidence for the occurrence of serovar-specific immunity following C. trachomatis infection is best based on study of the genotypes of chlamydial strains from persons with multiple C. trachomatis infections. We observed that 17 of 19 reinfections spaced~6 months apart were due to infection with different C. trachomatis omp] genotypes compared with 13 of 21 infectIons spaced 1-6 months apart (P = .002; odds ratio, 15.8; 95% CI, 2.3-137.1). Although these data are reasonably explained by the occurrence of serovar-specific immunity following C. trachomatis infection, evaluation of a larger number of reinfection episodes will be necessary before it is feasible to statistically compare the probability of reinfection with any given C. trachomatis omp] genotype. Given the extreme heterogeneity in omp] genotypes and the dynamic fluxes in their relative prevalence, this will be a lengthy task even within this highly sexually active group.
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The data observed in this study support the hypothesis that C. trachomatis induces strain-specific immunity following natural infection. Several predictions based on this hypothesis were confirmed or supported by findings in the study: the duration of prostitution should be inversely related to the risk of C. trachomatis infection; MOMP polymorphism should be extensive; MOMP polymorphism as reflected in the omp] allelic composition of the population of C. trachomatis strains should change over time; infection with a given strain should reduce the subsequent risk of reinfection with that strain; and HIV infection should perturb the incidence of C. trachomatis infection if immunity is a barrier to reinfection.
Older age, more clients per day, and longer duration of prostitution were all individually associated with a reduced rate of C. trachomatis infection by univariate analysis. Duration of prostitution was an independent risk factor for chlamydial infection by multivariate analysis. Thus, these epidemiologic data suggest that the accumulation of an expanding repertoire of immune experience with multiple strains of C. trachomatis may culminate in an immune state. If this deduction is correct, be that the early reinfections observed in this study are due to reexposure either to the same partner(s) or to other partners involved in the network of sex partners. Thus, changes in the genotype composition of the C. trachomatis population could also be driven by changes in types of infections that male clients "seed" into the sex worker population. Likely both male client choice patterns and strain-specific immunity are operative in causing the dynamic fluctuations in the genotype composition of the chlamydial population. Further evidence for the occurrence of strain-specific immunity will require correlation between immune responses such as serovar-specific C. trachomatis antibody and strain-specific risk of C. trachomatis infection in individual hosts. The observation that HIV significantly increased susceptibility to C. trachomatis infection suggests that immunity rather than innate or other undefined factors was operative in host resistance to C. trachomatis. Women with HIV infection had both an increased prevalence of chlamydial infection (RR, 1.6; 95% CI, 1.2-2.2; P = .001) and an increased incidence of reinfection (RR, 14.5; 95% CI, 3.1-258; P = .008). Furthermore, HIV-infected and seroconverting women tended to have more infections with previously experienced C. trachomatis omp} genotypes than did women without HIV infection. omp} L genotypes were detected only among women with HIV infection, although the significance of this observation remains uncertain. Surprisingly, the increased risk of C. trachomatis infection among HIV-infected women was unrelated to CD4 lymphocyte count. The absence of a correlation between CD4 lymphocyte counts and the rate of C. trachomatis infection suggests that the defect in host defense to C. trachomatis infection that characterizes HIV infection is acquired early after HIV infection and before profound CD4 lymphocyte depletion. In support ofthis, we observed that HIV-seroconverting women also had an elevated rate of C. trachomatis infection. Defective memory CD4 lymphocyte function has been observed to occur early in HIV infection, even before loss in CD4 lymphocyte numbers, and animal models of chlamydial infection suggest that memory CD4 lymphocytes are particularly important in immunity to C. trachomatis reinfection [17 -21] .
The mechanism for immunity to C. trachomatis infection is undefined by this study, although the extensive omp} allelic variation implicates MOMP as a target antigen. Local antibodymediated neutralization of infectivity seems probable since secretory IgA antibody to C. trachomatis in cervical mucus has been inversely correlated with quantitative shedding of the organism and antibody to the MOMP can neutralize the organism in vivo [8, 22] . If secretory IgA medIates protective immu- 
